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ABSTRACT 
Pancreatin is a dried powder prepared from animal pancreas. Pancreatin has 
proteolytic, lipolytic and amylolitic activity and is important in many in-
dustries such as hide-leather, detergent, food industry and pharmaceuticals. 
There are great demands for inexpensive methods to extract pancreatin. 
In this study, simple methods to extract pancreatin are proposed. The 
extraction is performed by chilled distilled water, low molarity (0.0025M, 
O.OlM, O.lM) sucrose solution and 0.15 saline solution. The use of a 
liquid-liquid two-phase system (polyethylene glycol -ammonium sulphate-
water) in the extraction was also investigated. The proposed methods could be 
cheaper than the traditional methods, such as the extraction by organic 
solvents. 
The results of the experimental work are presented. The proteolytic activity of 
the final product is then examined and expressed in term of tryptic unit [T.U], 
where casein was used as a substrate for the assay. 
The results show that pancreatin produced by extraction with 0.0 lM sucrose 
solution is good as pancreatin (supplied by BDH), which is extracted with 
25% alcohol, while the use of liquid-liquid two-phase system gives, approxi-
mately, twice the specific activity of BDH pancreatin, but there is a difficulty 
in separating the polyethylene glycol (PEG) from the enzyme solution by 
dialysis. A high percentage of the PEG may be removed by ultrafiltration, but 
the final product losses its activity. The membranes used in the process are 
hollow fibres (cut off 10,000-30,000 MW) and spiral wound (cut off 30,000 
MW). 
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1 INTRODUCTION 
There are several important glands in the animals body which are 
directly or indirectly involved in protein, carbohydrate and fat 
metabolism. One of them is the pancreas, which lies between the 
stomach and the duodenum. It is an irregular diffuse tissue, which 
secretes the pancreatic juice. The latter is a clear watery alkaline 
fluid of a pH 8.5, which neutralizes the acid chyme [Ville 1962]. 
Although animal pancreas is referred to as a slaughter house 
waste, it has been used extensively in extracting insulin since 1921 
when Banting and Best prepared a pancreatic extract by acetone 
precipitation. Furthermore, the pancreatic residue after extracting 
the insulin from the pancreas is used as a food for animals [Levin 
1970]. 
The pancreas contains many enzymes such as proteases (trypsin, 
chymotrypsin), lipase, amylase, cholestrase, carboxypeptidase, 
deoxyribonuclease and elastase. These are very well known and 
play a very important economic role in many industries such as 
food, hide-leather, detergent and pharmaceutical [Dixon and Webb, 
1979, Kirk-Othmer, 1980; Price and Stevens, 1982]. 
Pancreatin is a dried powder made from the pancreas and contains 
most of the above enzymes. The latter are extracted and purified as 
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crystals. Usually pancreatin is prepared by using organic solvents, 
such as acetone, ether and alcohol, or by precipitating agents such 
as ammonium sulphate and magnesium sulphate. 
The following table shows some of the available methods: 
Product Method Authors 
Pancreatin Extraction with acetone-ether Glick and King, 
1933 
Pancreatin Acetone extraction Hauserand 
Aktiengesell-
schaft 1937 
Pancreatin Autolyses the pancreas and then using Levin 1947 
ethylene dichloride (at 40' c), propylene 
dichloride 
Elastase Acetate buffer extract, dialysis, Hall and Gardiner 
precipitate with acetone and (NH4)2SO 4 1955 
and with acetone again, the precipitate 
is then dried 
Elastase Acetate extract, (NH4)2S04 precipitate Lewis, Williams 
and then crystallized the mixture and Brink, 1956 
Cholesterol Buffer extract, fractionation with Hernandez and 
Estt'fase (JVH4)2S04 several times, fractional Chaikoff 1957 
elution using 
Whatrnan cellulose powder, 
ultracentrifugation 
2 
Elastase and 1. Water extract Grant and Rob bins 
proelastase 2. Precipitation by dialysis, 1957 
lyophilization 
3. Acetate extract dialysis, precipitate 
4. Adsorption of elastase on elastin 
5. Elution of elastase 
6.frecipitate by (NH4),S04 
7. Extraction again, dialysis and 
lyophilization 
Pancreatin, Solvent extract, carboxylic Grant & Robbins 
Elastase acid type resin (Ex-97), 1959 
centrifugation , precipitation 
with (NH4) 2SO 4, filtration 
lyophilization. 
Pancreatic Extraction of the pancreas with acetone, Marchis-Mouren, 
lipase ether several times, then lipase purified Sarda and Densuelle 
from the powder by fractionation with 1959 
ammonium sulphate on 
ea-Triphosphate and aluminium 
hydroxide gels, zone electrophoresis in 
starch, columns 
Elastase Acetate extract, precipitation with Naughton and Sanger 
(NHJ,SO., dialysis, lyophilization 1961 
chromatography on eM-cellucose. 
Lipase 1. Acetate -methanol fractionation Baskys, Klein 
2. Acetate ethanol fractionation and Lever, 
3. Ethanol-ether fractionation 1963 
4. Barium sulphate fractionation 
5. Second ethanol-ether fractionation 
6. (NH4),S04 fractionation 
7. ea-phosphate fractionation 
8. Lyophilization 
3 
Trypsin 
Phospho 
lipase A 
Phospho 
lipase A 
Lipase 
Lipase 
Pancreatin 
Acid extract, (NH;J,S04 precipitation 
several times, lyophilization, 
chromatography 
Heat treatment, (NH;)2S04 precipitation 
and chromatography columns 
Heat treatment, (NH4) 2S04 precipitation 
and chromatography procedure 
Buffer extract, centrifugation; 
gelfiltration (sephadex G-100) 
concentrated by (NH4) 2S04 to 75% 
pH(7-8), dialysis, freeze dried 
Travis and Liener 
1965 
De Hass, Postema, 
Nieuwenhuizen and 
Van Deenen 1968 
Magee and Uthe 
1969 
Gamer and Smith 
1970 
Buffer extract followed by fractionation Julein, Canioni, 
with (NH4) 2S04 and chromatography Rathelot, Sarda 
procedure 
0~ 
and Plummer Jr, 
1972 
Autolysis)!he pancreas in alkaline Fabian 1973 
solution and then treated with iso-propyl 
-alcohol, n-propyl alcohol, iso-butyl 
alcohol, n-butyl alcohol. 
Since cost is a very important factor in industry and there IS an 
increasing demand for the enzymes as industrial catalysts, an 
inexpensive production and recovery process for pancreatin is very 
important. 
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2. LITERATURE SURVEY 
2.1 WHAT ARE ENZYMES 
The word enzyme is derived from the Greek meaning "in yeast" 
[Price and Stevens, 1982]. The enzymes are a specific group of 
proteins synthesised by living cells to function as catalysts for 
many thousands of biochemical reactions. The protein nature of 
enzymes explains many of their problems and properties in use. 
Catalysis by enzymes is affected by temperature, pH changes, 
water activity, ionic strength, and similar variables [Dixon and 
Webb, 1979]. 
The enzyme molecule consists of a chain of aminoacids, which has 
a particular geometric conformation specific for that arrangement 
of aminoacids. The twisting and turning form locations that are 
catalytically active, and these are referred to as the active sites. 
Sometimes there is one per enzyme molecule and sometimes more 
[Dixon and Webb, 1979]. The structure of the enzyme molecule is 
usually considered under four headings: The primary structure 
refers to the sequence of aminoacids in a polypeptide chain: it 
contains only one-dimensional information. The secondary and 
tertairy structures refer to different aspects of three-dimensional 
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structure. Secondary structure refers to regular elements of 
structure such as helix, in which interactions between regions of the 
enzyme in close proximity in the sequence are involved. 
Tertiary structure refers to the holding of a chain in which amino 
acids of the molecule which may be well separated in the sequence 
are brought into close contact with each other. While the 
quaternary structure refers to the arrangement of the individual sub 
units in an enzyme consisting of more than one sub unit (smallest 
covalent unit). A sub unit may consist of one polypeptide chain or 
of two chains linked by disulphide bonds [Price and Stevens, 
1982]. 
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2.1.1 THE HISTORY OF ENZYMES 
For more than 2000 years, enzymes have affected human life styles 
without really being understood. Although the fermentation process 
was clearly visible to bread making ancients they lacked sufficient 
knowledge to analyse the process. Shepherds roamed the hill sides 
processing milk in sacks made from animals stomachs, where 
active enzymes were at work converting the milk to cheese. Also 
tanners spread dung over a rawhide to strip off excess meat and 
hair. Each of these changes, resulted from a reaction caused by a 
type of protein with catalytic properties due to its power of specific 
activation. 
Until 1833 the major research emphasis had been on digestive and 
fermentative enzymes. This shifted dramatically when Payen and 
Peroz in 1833 discovered a substance which converted starch to 
sugar, called diastase by them, now known as amylase. 
In 1897 Buchners succeeded in obtaining filtrates of yeast extracts 
[Dixon and Webb, 1979 ; Price and Stevens, 1982]. As more 
enzymes were discovered, each one causing a specific reaction, a 
uniform method of identifying them was essential. Duclaux, in 
1898, proposed the use of the present system of adding the 
7 
suffix-ase to the root word of the substrate upon which the enzyme 
acted [Dixon and Webb, 1979]. At this time (1890's) the chemical 
nature of the enzymes was not clear. In factJ this point was only 
established many years later after a number of enzymes had been 
crystallized and been shown to consist entirely of protein (made up 
of aminoacids linked by peptide bonds). The first enzyme to be 
crystallized (by Surnner in, 1926) was urease [Price and Stevens, 
1982]. 
At the end of the 19th century discoveries giving greater 
understanding of the biological and biochemical basis of 
bio-conversions were made and so began the period of industrial 
development and enzymes technology. In 1907 the use of a 
pancreatic protease for bating hides had been presented [Godfrey 
and Reichelt, 1983]. In 1908 the German chemist Otto Rohrn used 
for the first time , the pancreatic trypsin to replace the faecal 
material [Kirk-Othmer, 1980]. Another patent in 1911, for 
improving beer using proteolytic enzymes was presented [Smith, 
1981]. Rohrn (1913) obtained another patent for a pre-soaking 
product which contained enzymes from animal pancreas [Godfrey 
and Reichelt, 1983]. This product was called BURNUS and 
consisted primarily of sodium carbonate to which was added a 
crude extract of pancreas (pancreatin). The enzyme content was 
quite low ancJ, furthermort? the enzymes were not very active at the 
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high pH value provided by soda. Nevertheless, BURNUS remained 
on the European market for several years [Kirk-Othmer, 1980 ; 
Godfrey and Reichelt, 1983]. 
In 1923, Willstatter and Waldschmidt-Leitz prepared pancreatin 
from frozen pancreas which was extracted with acetone and ether 
several times at low temperature (4°c). Several papers have been 
published, in which the method (just mentioned) is used on a small 
scale for producing the pancreatin by extraction with acetone, 
ether, chloroform and butanol, where the enzymes (such as trypsin, 
chymotrypsin, lipase, elastase, chloroestarase, deoxyribonuclase, 
phospholipase, ribonuclase) are purified [Verger, De Hass, Sarda 
and Densulles, 1969 ; Gamer and Smith, 1970 ; Julinen, Caniani, 
Rathelol, Sarda and Plummer, Jr., 1972]. In large scale production 
the pancreatin is produced as in the patent of Ezra Levin, 1947, 
where ethylene dichloride (as solvent) formS . an azeotrope with 
water and distillation is continued till about 98% of the water is 
removed. A patent published in. 195~ gave the preparation of 
elastase from pancreatin [Grant and Robbins, 1959]. 
A new method was presented in another patent to extract the 
pancreatin with water and then with acetone 50-60% concentration 
by volume of the total amount of fluids present [Hoek, Houtenlaan 
9 
and Weesp, 1965]. In another patent, pancreatin was produced by 
extraction with alkaline solution first and then with n-propyl 
alcohol, iso-propyl alcohol, n-butyl alcohol or iso-butyl alcohol 
[Fabian, 1973]. 
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2.1.2 TRADITIONAL METHODS FOR PRODUCTION 
OF ENZYMES 
Enzyme products are available as crude, dried preparations, dilute 
or concentrated liquids, or purified (even crystallized) solids. 
Fig. 2.1 provides a general process recovery scheme for enzymes 
derived from animals, plants, surface or submerged fermentations 
[Bailey and Ollis, 1986]. These sources require immediate 
pretreatment to release enzymes. The mammalian tissues, for 
example, are diced and connective tissue and fat are cut away as 
far as possible. Tough material is further crushed in a mincer and 
then placed in a blender (for small amounts) or in a cutter (for large 
amounts). This is usually performed with 2-3 volumes of cold 
extraction liquid (such as buffer, organic solvent, detergent 
(Trixon-X)) per gram of tissue. The homogenate is then stirred for 
about 15 minutes. Afterwards it is clarified by centrifugation to 
separate the cell debris from the enzyme solution (supematant) 
[Potter, 1965 ; Lilly, 1979 ; Aunstrup, 1979 ; Godfrey and Reichelt, 
1983 ; Brummer and Gunzer, 1987 ; Gacesa and Hubble, 1987 ; 
Atkinson, Scawen and Hamrnond, 1987]. Up to this point a crude 
extract of enzymes is obtained and this can be dried as a powder 
(such as pancreatin) [Kirk-Othmer, 1980]. 
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Figure 2.1 Preparation Of Commercial Enzymes 
")\ 
When the enzymes are wanted to be purified further, the following 
methods are used [Price and Stevens, 1981]: 
PROPERTY METHODS 
SCALE 
Size or Centrifugation 
Large or small 
mass Gel filtration 
Generally small 
Dialysis (Ultrafiltration) Generally small 
Charge Ion-exchange (chromatography) Large or small 
Electrophoresis 
General! y small 
Isoelectric focusing 
Generally small 
Solubility Change in pH 
Generally large 
Change in ionic strength 
Large or small 
Decrease in dielectric constant Generally large 
Specific Affinity chromatography Generally small binding Affinity elution 
Large or small 
sites 
All the above operations must be performed at low temperature 
(0-4°C), especially the extraction of the raw material because 
prolonged extraction (many times) may warm the homogenate and 
denature the proteins, resulting in less enzyme activity. The activity 
of the enzyme is the ultimate measure of the success of the 
extraction. Throughout the assay procedure, the manufacturer 
checks the enzyme activity of the raw materials and intermediates 
during the enrichment, purification and standardization procedures. 
The price of the final product is a function of the assayed activity, 
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usually expressed in units. The results of enzyme assays are 
expressed in many different ways. They may be defined by one of 
the following data [Kirk-Othrner, 1980]: 
1. The amount of change that has taken place as a result of the 
action of a specified amount of enzyme preparation, 
under specific conditions of pH, temperature, time, 
substrate concentration and enzyme/substrate ratio. 
2 .. The amount of time needed for a given amount of enzyme 
preparation to accomplish a certain amount of chemical 
change under closely specified conditions. 
3. The initial reaction-velocity constant measured, where the 
reaction speed is a linear function of the enzyme 
concentration, usually in a low-enzyme high-substrate 
system. 
If the activity (expressed in units) of the enzyme preparation is 
known and the user knows the enzyme action needed in a particular 
application, the time required by a given amount of enzyme under 
specified circumstances to complete the action desired can be 
estimated. Ultimately, the enzyme unit is the basis for selling, 
buying and using industrial enzymes. 
14 
- -- -------------------------------------------------------------------
Unlike ordinary chemical catalysis, enzymes have the ability to 
catalyse reactions under very mild conditions in aqueous solutions 
at normal pressure and temperature reducing the possibility of 
damage to heat sensitive substrates and also reducing the energy 
required and corrosive effects of the process [Kennedy and Cabral, 
1987]. 
The properties of the purified enzyme can make their use very 
difficult. Generally, purified enzymes can be stored dry and cool. 
for periods of months or even years, but they lose their catalytic 
activity, often unpredictably, in a matter of minutes or hours when 
in solution. A soluble enzyme behaves as any other solute in that it 
is readily dispersed in the solvent and has complete freedom of 
movement. 
Enzyme immobilization may be considered as a technique 
specifically designed to greatly restrict the freedom of movement 
of an enzyme [Goldstein and Katchalski-Katzir, 1979 ; 
Kirk-Othmer, 1980; Buchholz, 1982; Kennedy and Cabral, 1987 ; 
Chibata, Tosa and Sato, 1987 ; Bickerstaff, 1987]. Immobilization 
of an enzyme means that it has been confined or localized so that it 
can be reused continuously. 
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There are general approaches for achieving enzyme 
immobilization: 
1. Enzymes can be adsorbed on to a support surface such as 
bentonite, glass, organic polymer and oxides. 
2. Covalent attachment of soluble enzymes to an insoluble 
support. 
3. By entrapment of the enzyme on a matrix (gel polymer). 
4. The enzymes may be encapsulated in membranes of 
different polymers. 
The enzyme is normally attached or allocated within an insoluble 
support material, thus separating the enzyme from the bulk of the 
solution and creating a heterogeneous two-phase system. 
Immobilized enzyme technology has received a substantial level of 
research in the last 20 years or so, and a fund of information has 
been accumulated. In particular, since an immobilized enzyme is 
separated from the solution phase, it can be collected after catalysis 
is completed and re-used again and again. Also the final product is 
16 
free of enzymes, whereas in soluble processes the product is 
contaminated with enzyme, which must be removed to give a pure 
final product. 
Immobilization also enables greater control over the catalytic 
process by addition of immobilized enzyme to vary the rate of 
reaction. Immobilized enzyme applications are evolving slowly, 
particularly in industry, and in many cases this is because the new 
application requires new processing equipment. 
It is clear that the traditional methods of producing enzymes consist 
of a solid-liquid system, which has many disadvantages: 
1. The cost of the organic solvent used in the extraction is 
very high. 
2. There is hazard in using the organic solvents specially in a 
factory because of their vapour. 
3. The enzymes as proteins are either insoluble or become 
denatured in organic solvents. 
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4. These methods need equipment such as a centrifuge and 
chromatography columns to achieve the separation of the 
desired enzyme. 
5. The operations take a long time to be completed. 
Furthermore, the extract may suffer from low yields, limited 
reproducibility and the presence of impurities. So, from an 
economic point of view, to avoid the above drawbacks a new 
method is required. 
The past few years has seen a rapid development of different 
techniques in chemistry. Among these, separation techniques have 
been of great importance in biochemistry and related fields. 
Various physiochemical separation methods, such as 
centrifugation, electrophoresis, and counter-current distribution 
(CCD) have made it possible to isolate in pure form a number of 
enzymes or proteins that are suitable for structural determinations. 
In the counter current distribution method, a large number of 
extraction steps are carried out in order to separate substances 
having different partition coefficients, and it is, in theory, very 
similar to chromatography. So the need is for methodological 
improvements to facilitate the isolation and purification of a 
complex of proteins (or proteins and lipids, proteins and 
18 
polysacharides, proteins and nucleic acids). These aggregates are 
often obtained by disintegration of animal tissues, plants or 
microorganisim cells. So it is necessary to find simple and 
economic methods for separation or purification of the enzymes. 
One such method is liquid-liquid separation [Albertsson, 1970]. 
19 
2.2 LIQUID-LIQUID EXTRACTION 
Liquid-liquid extraction is some times referred to as solvent 
extraction or merely as extraction [Kirk-Othrner, 1980]. It is a 
separation process that depends on the transfer of the component to 
be separated (the consolute component) from one liquid phase to a 
second liquid phase that is immiscible with the first [Irving and 
Williams, 1961 ; Kirk-Othmer, 1980]. This is the principle of 
liquid-liquid extraction which is used in many analytical 
separations and procedures. 
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2.2.1 HISTORY OF LIQUID-LIQUID EXTRACTION 
Two phase systems can be obtained by mixing two orgamc 
solvents (such as benzene, chloroform or carbon tetrachloride) 
which are not suitable for extraction of a biomaterial, specially 
enzymes. It also can be obtained by mixing two polymers (such as 
dextran-pol~.rhylene glycol or polyethylene glycol+salt). There are 
examples of different aqueous polymer phase systems in 
Albertsson (1960, 1971 and 1985). The result of mixing gives arise 
to two layers, polyethylene glycol (PEG) as upper phase with the 
dextran or salt as a lower phase. These are used in extracting many 
biological materials (such as enzymes, viruses, proteins, cells ... etc) 
[Albertsson, 1971].This phenomenon called incompatibility of 
polymer has been known for aqueous two phase systems since 
1896, when Beijerink described the formation of two liquid layers 
while mixing agar with soluble starch or gelatine [Walter, Brooks 
and Fisher, 1985]. m 1947, Dorby and Boyer-Kawenoki described 
a systematic study on the miscibility of a large number of pairs of 
different polymers which are soluble in organic solvents. 
m most cases they found demixing and phase separation was the 
rule when two different polymers were put together [Dorby, 
Boyer-Kawenoki, 1947]. m, 1948 Dorby tried many experiments 
on water-polymer systems and indicated the incompatibility 
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phenomenon [Albertsson, 1985]. Indeed, phase separation was very 
common among polymer mixtures in both water and organic 
solvents. In, 1958 Albertsson obtained liquid-phase systems by 
mixing one polymer and salt (with low molecular component) such 
as polyethylene glycol -ammonium sulphate or magnesium 
sulphate and water. He also proposed the basis for the application 
of two phase systems and constructed phase diagrams for several 
phase systems and studied the partition behaviour of different 
proteins, cells, mitocondria, chloroplasts, RNA and DNA. He 
published these experiments in 1960 in his first book Partition of 
cell particles and macromolecules [Albertsson, 1960]. For many 
years it was essential reading for scientists who applied aqueous 
two-phase systems in biochemical research. Albertsson developed 
a theory for the partitioning of proteins linked to the protein's net 
charge. According to this theory, which leans heavily on Donnan 
effect, proteins tend to partition equally between the phases when 
no other electrolytes are present [Albertsson, 1971 ; Waiter, 
Brooks and Fisher, 1985]. It was incorrectly assumed that, excess 
salt eliminates the influence of protein charge on partitioning 
[Waiter, Brooks and Fisher, 1985]. 
In the following years, the aqueous systems were used primarily for 
separation purposes, both single-step extractions in protein 
purification and in counter-current distribution (CCD). Jermyn)n 
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1962,used a Dextran-Polyethylene Glycol (DX-PEG) system in a 
manual CCD operation to study the homogeneity of !) -glucosidase 
from Stachybotrys atra. Skeggse, Lentz, Hochstrasser and Kahn in 
1963 separated the rennin substrate from hog into two forms by 
CCD in PEG-salt system. Okazaki and Komberg in 1964 used a 
DX-PEG system containing 4M NaCl to purify DNA polymerase 
from Bacill!.\.s. subfi li.s . Mok, Grant and Taborsky in 1966 found 
two fractions of phosvitin by CCD using a DX-PEG system 
containing a high concentration of NaCI. Many investigations and 
papers were published in 1971 for separating different enzymes 
(extracellular or intracellular) from microorganisms. 
Phospholipase from E. Coli was extracted by including a nonionic 
detergent in the phase system [Albertsson, 1973]. Hubert, 
Dellacherie, Neel and Baulieu in 1976 purified a 3-oxosteroid 
isomerase from Pseudomonas testoteroid by affinity partition. 
Isoleucy-tRNAsynthetase was partitioned by Hustedt and Kula 
(1977). Binding by asparatate transcarbamylase ofGTPwas studied 
by partitioning [Gray and Chamberlin, 1971]. In 1979 Yamazaki 
and Suzuki reported the production of glucose 6-phosphate from 
glucose by the reaction of hexokinase in a PEG-DX system. In 
1978 Hustedt reported the separation of glucose isomerase from 
cell debris with a PEG-Potassium phosphate system [Hustedt, 
Kroner and Kula, 1985]. A similar system was described by Kula, 
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Kroner and Hustedt, in 1982, who separated the enzyme formate 
dehydrogense from Candida biodinil homogenate. Hustedt, Kroner 
and Kula isolated the fumarase in a large scale in, 1981. 
Plant enzymes, NADH-dependent nitrate reductases, from tobacco, 
barley and cucumber have been compared by affinity partitioning 
with triazine dyes [Schiemann and Kopperchlager, 1985]. 
A number of animal enzymes also have been studied by 
partitioning. For example, trypsin has been partitioned by using 
trypsin inhibitor as an affinity ligand [Takerkart, Segard and 
Monsigny, 1974]. 
An extract from pig heart was partitioned and the distributions of 
fumarase, enolase, malatedehydrogenase and asparatate 
aminotransferase were investigated by Johansson [Johansson and 
Hartman, 1974]. Lysozyme and Kibonuclease have been used as 
standard enzymes in studying partitioning [Johansson, 1970a]. 
Moysin has been examined by Pinaev et al [Pinaev, Tartakovsky, 
Shanbhag, Johansson and Bachman, 1982]. 
The liquid-liquid two phase system has been developed for large 
scale purification with great successespecially with PEG- Phosphate 
with intracellular and extracellular enzymes [Hustedt, Kroner and 
Kula, 1981 ; Hustedt, Kroner and Kula, 1985]. 
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2.2.2 THE PARAMETERS INFLUENCING PHASE 
SEPARATION 
There are many important parameters which effect the aqueous two 
phase system: 
1. Type of polymer in the two systems. 
2. Average molecular weight of the polymers. 
3. Molecular distribution of the polymers. 
4. Length of the tie-line (complex function of concentration). 
5. Types of ions composing or added to the system. 
6. Ionic strength. 
7. pH value. 
8. Temperature. 
9. Concentration of the cell homogenates. 
10. Size of the moleculer (biopolymers). 
The above parameters, of the phase system, are acting on common 
physico-chemical properties of proteins. 
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2.2.3 THEORY OF PHASE SEPARATION 
The theory of phase mixture has been treated by many authors. 
Their results have been summarized and discussed in detail in 
Flory's classic book (1953). The result of mixing in turn depends 
on interaction energy terms and entropy of mixing is a function of 
the number of molecules being mixed and not of their relative mol. 
masses. If one considers a mixing process as an endothermic 
solution process, the following equation can be applied [Kula, 1979 
; Brooks and Sharp, 1985; Albertsson, 1985] 
... (2.1) 
Where M' is the free energy of mixing, till is the heat of mixing, M 
is the entropy of mixing and T is the absolute temperature. 
Since M becomes orders of magnitude smaller with 
macromolecules than with small molecules, a molecularly 
homogeneous mixture of polymer-salt can be expected when till is 
negative. This will only be the case if the polymer and the salt 
show some interaction and the attraction between the polymer-salt 
is greater than that between the same kinds of polymers (or salts). 
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2.2.4 THEORY OF PARTITIONING 
Two forces oppose each other in determining the distribution of 
particles in a two-phase system. One is the thermal motion of the 
particles (Brownian motion), which tends to distribute the particles 
randomly throughout the entire space of the phase system. The 
other is the forces acting upon the particles at the interface, tending 
to distribute them so that they collect in the phase in which they 
have their lowest energy. 
If the work needed to move the particles from phase 1 to phase 2 is 
M:. Then according to the Brownian motion, the following relation 
should hold: 
C/C2 = EXP(-tilllkT) (2.2) 
where C1 and C2 are the concentrations of the particles in phase 1 
and phase 2, respectively, k is the Boltzman constant and T is the 
temperature. Obviously, M: depends on the size of the partitioned 
particles of molecule since the larger it is, the greater the number of 
the atoms that are exposed and can interact with the surrounding 
phase. Bronsted, therefore, suggested the following formula for 
partition [Albertsson, 1968] 
C/C2 = EXP(AM/kT) ... (2.3) 
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where M is the molecular weight and A is a factor which depends 
on properties other than molecular weight. 
For a spherical particles M can be replaced by A (the surface area 
of the particle). Thus Eqn. 2.3 becomes 
C/C2 = EXP(AA!kT) ... (2.4) 
and A in this case is a factor which depends on properties other than 
surface area, the surface properties as expressed by the surface free 
energy per unit area (surface tension). Both the size and surface 
properties are, therefore, of great importance in determining 
partition. 
When the partitioned molecules carry a net electrical charge they 
distribute in a manner different from other ions. This can create an 
electrical potential between the phases. This is known as the 
Donnan effect [Albertsson]. 
The net charge (Z) of a particle will play a role. If, for example, 
there is an electrical potential difference u,- U2 between the phases, 
an energy term Z(U1-U2) has to be included and the relation would 
then be 
... (2.5) 
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where A.1 then depends on factors other than size and net charge. 
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2.2.5 SINGLE PARTITIONING STEP 
The Bronsted equation (Eqn. 2.3) predicts that for large entities like 
cells, cell debris and cell particles with very large apparent values 
iS 
of M, one sided partition should occur, which indeed,Jrequently 
observed. If the partition coefficient for two substances are 
sufficiently different, an efficient separation can be obtained by 
one-partition step. The separation will be more efficient the larger 
the separation factor, that is the ratio between the two partition 
coefficients (K11K2J. It is also important, however, that the partition 
ratio has suitable values. The partition ratio (G) is the ratio between 
the amount of substance in the top phase (phase 1) and the amount 
of the substance in the bottom phase (phase 2), 
... (2.6) 
where V1 and V2 are the volumes of the top and bottom phases, 
respective! y, or 
V 
G=K-1 
Vz 
where K is the partition coefficient. 
... (2.7) 
Thus, it is not enough that the partition coefficient be different. The 
volume ratio also should different. The volume ratio also should be 
such that a separation is obtained. 
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Maximal separation of two substances having the partition 
coefficient K1 and K2 is obtained when the product of their partition 
ratios is 1, that is 
... (2.8) 
or 
... (2.9) 
Protein ·partition coefficient are often found in the range 0.1 to 10 
[Kula, Kroner and Hustedt, 1982]. To achieve the desired single 
step separation between enzymes and the impurities (cell debris, 
connective tissues), conditions have to be established so that the 
enzymes and the impurities prefer opposite phases. But the 
partition coefficient of the enzyme and the volume ratio of the 
phases should be sufficient to extract the enzyme in high yield. 
Therefore, high values for the partition ratio (G) are needed for a 
one-step extraction, where G is defined by Eqn. 2.7. 
Theoretical yields of extraction are given by Eqn. 2.10 and 2.11 for 
the top and bottom phases, respectively, 
... (2.10) 
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... (2.10) 
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2.2.6 REMOVAL OF PEG FROM ENZYME SOLUTION 
Polyethylene glycol (PEG) is a synthetic polymer which is widely 
used for purification of proteins (enzymes) by fractional 
precipitation [Poison, Potgieter, Largier, Mears and Jourbet, 1964 ; 
Miekka and lngham, 1978]. 
It is desirable to remove the PEG as much as possible from the 
final products. Furthermore, it may be advantageous to remove 
high concentrations of PEG from various fractions before further 
processing. Methods which have been used for this purpose include 
adsorption of the protein into ion exchange or affinity resins, which 
have no attraction for the precipitateofthe enzyme from the 
PEG-containing solution by addition of ethanol [Kula, 1979 ; 
lngham and Busby, 1980]. 
More recently, mixtures of PEG-4000 and albumin were used to 
demonstrate the feasibility of cross-flow ultrafiltration as an 
alternative to conventional molecular sieve methods such as 
dialysis and exclusion chromatography which are of limited value 
[Kroner, Schutte and Kula, 1984]. 
Ultrafiltration is a process which utilizes a highly specialized 
asymmetric porous membrane to separate species in a liquid system 
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on the basis of molecular dimensions. Generally, macromolecules 
or colloids are significantly retained by these membranes while 
smaller solute and solvent molecules are freely transported. 
Ultrafiltration is finding increasing applications in both laboratory 
and industrial operations. For such purposes, diafiltration is 
currently replacing the time honoured process of dialysis, if large 
volumes have to be handled. Due to enforced flow cross the 
membrane the solute exchange by diafiltration is speeded-up by a 
factor of about 30 compared to conventional dialysis [Flaschel, 
Wandrey and Kula, 1983]. 
In principle, ultrafiltration membranes are expected to allow 
protein separations according to the size. This theoretical potential 
is , to large extent, abolished by concentration polarization, 
accumulating retained solutes at the membrane surface alters the 
retention, characteristics of the membrane as well as flux [Flaschel 
et al, 1983]. 
Normally, membranes are characterised according to their 
"cut-off'. This value is given in a molar mass and by convention 
means, that for a substance of that molar mass at least 90% is 
retained. Since there are no agreement about commonly accepted 
test method and standard test conditions, membranes with the same 
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designation may vary considerably from one test to another. 
Therefore, it is necessary to measure the reaction under actual 
operating conditions. 
While, ultrafiltration is extensively employed for enzyme 
processing, the recovery of bio mass still seems to be in the phase 
of development. 
Batch and continous operation of diverse laboratory scale devices 
have been studied for concentrate of extracelluler enzymes from 
culture" broth [Flaschel et al, 1983]. 
There are many variables that effect the processing (ultrafiltration) 
or diafiltration), one of them is the polarization. It is a layer aci:~as 
an additional filter with properties which are essentially 
unpredicted for real systems. The situation is further complicated 
by interactions between retained and eluting solutes. Also, there is 
influence arising from solution properties such as pH,· salt 
concentration and the presence of unchanged small molecules. 
These parameters are varying in a certain limits in enzyme 
processing, if the biological activity and stability are not impaired. 
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However, diafiltration through ultrafiltration membranes of 
the appropriate cut-off range is a fast and efficient way to remove 
the water-soluble polymers specially polyethylene glycol [Flaschel 
et al, 1983]. 
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2.3 THE IMPORTANCE OF THE PANCREATIN AND 
THE ISOLATED ENZYMES IN THE INDUSTRY 
The specialized catalytic capabilities of the. enzymes have been 
used extensively for thousands of years in traditional industries 
such as wine, beer, hide leather, bread and cheese making. 
With two or three exceptions, the existing chemical industry has 
not made very much use of enzyme catalysts. The principal 
stumbling block is the economic balance between old and new 
procedures. Traditional systems may be less efficient and more 
expensive to operate, but they are already equipped with plant and 
machinery. A replacement process normally involves a major 
financial investment to re-equip with the new machinery and 
retrain personal to operate the process. So, it is likely that enzyme 
catalysts will continue to make slow progress in existing industry, 
but this will be offset by rapid progress and development in the 
new industry. 
Most of the enzymes used in an industrial scale are extracellular 
enzymes, i.e enzymes that are normally excreted by organisms to 
act upon their substrate in an external environment and are 
analogous to the digestive enzymes of animal. The applications of 
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pancreatin or its isolated enzymes in the industry are as follows 
[Kirk-Othmer, 1980 ; Godfrey and Reichelt, 1983 ; Bickerstaff, 
1987]: 
1. Liquid protease preparation such as pancreatin extracts of trypsin 
and chymotrypsin are applied to the flesh side of the animal 
skin. The protease diffuse to the basal papilla of the hair 
follicle, and subsequent protein breakdown releases the 
wool/hair with minimal damage compared to the traditional 
method which uses chemical procedure (by using calcium 
hydroxide and sodium sulphate) for hair removal 
[Kirk-Othmer, 1980 ; Godfrey and Reichelt, 1983 ; 
B ickerstaff, 1987]. 
2. Proteases (pancreatin trypsin) have been used in detergents. Over 
the last 20 years the development of the biological washing 
powders has been a significant expansion in the addition of 
the enzymes to washing detergents for use in the home, 
because of the high activity of the protease at high pH and 
thermal stability. 
3. Pancreatic proteases are used as an enzyme-spotting agent for 
dry cleaners. 
4. Lipase and esterase are used for yolk fat removal from egg white 
to promote whipping. 
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5. Pancreatin is used for development of flavour in dog foods and 
similar applications. 
6. Lipase is used to develop special flavour in Italian cheese. 
7. Pancreatic trypsin has many medical and pharmaceutical uses. 
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2.4 AIMS OF THE PRESENT WORK 
Pancreatin is a dried powder which contains many enzymes. These 
enzymes are very important in the industry. Pancreatin is prepared 
traditionally by using organic solvents. The aims of this study are 
1. To find simple methods to extract the pancreatin by using cheap 
solvent such as distilled water, sucrose solution (with low 
molarity) and saline solution. 
2. To apply the liquid-liquid two-phase system (polyethylene 
glycol-ammonium sulphate) in preparing the pancreatin. 
3. To remove the polyethylene glycol (PEG) from the final product 
(the pancreatin). 
4. To determine the proteolytic (tryptic) activity of the product. 
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3. EXPERIMENTAL 
3.1 MATERIALS 
1. Fresh porcine pancreas, which was collected from Advanced 
Protein Products (APP) company in Birmingham, England. 
2. Dried powder of pancreatin (BDH Chemical Ltd., England). 
3. Sucrose (Analar) (BDH Chemical Ltd., England). 
4. NaCl (Analar) (BDH Chemical Ltd., England). 
5. Casein (Hammarsten) (BDH Chemical Ltd., England). 
6. Porcine trypsin (crystal) (Sigma). 
7. Polyethylene glycol (PEG), 3300-4000 MW (BDH Chemical 
Ltd., England). 
8. Ammonium sulphate (special low in heavy metals for enzyme 
work) (Fisons plc., England). 
9. Iodine solution 0.1N (BDH Chemical Ltd., England). 
10. Perchloric acid 60% (Fisons plc., England). 
11. Barium chloride (Analar) (BDH Chemical Ltd., England). 
12. Bovine Serum Albumin (BSA) (Sigma) 
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3.2 EQUIPMENT 
1. Baird and Tatlock auto-bench centrifuge, mark IV. 
2. EMS centrifuge. 
3. PYE Unicam Sp6-250 visible spectrophotometer. 
4. Freeze-dryer (Edwards Modulyo). 
5. Amicon CH2A ultrafiltration system. 
6. Dip Cooler (Automatic). 
7. W aring blender. 
8. Amicon hollow fibre membrane (cut off 10000 Dalton). 
9. Amicon hollow fibre membrane (cut off 30000 Dalton). 
10. Spiral wound membrane (cut off 30000 Dalton). 
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3.3 ASSAY OF THE PROTEOLYTIC ACTIVITY 
The proteolytic (tryptic) activity was estimated according to Kunitz 
method, which is based on a measurement of the enzyme's 
hydrolytic effect upon a carefully standardized protein substrate 
(1% Casein in phosphate buffer pH 7.6) under particular condition 
(pH 7.6, 35° c, 20 minutes) [Kunitz 1947]. The reaction was stopped 
by adding 5% Trichoroacetic acid (TCA) to precipitate the 
remaining protein after 1 hour (or more) standing. The solution was 
then centrifuged and the optical density of the supernatant at 280 
nm was measured. The standard curve of the optical density against 
the trypsin concentration was plotted in the range of 0 to 20 Jlg /rnl. 
Definition of Kunitz' unit: one tryptic unit is the enzyme activity 
which causes an increase of one unit of absorbance of 280 f\rt\ per 
minute of digestion of casein, under the above conditions. The 
specific activity is expressed as unit per milligram protein. 
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3.4 DETERMINATION OF PROTEIN CONCENTRATION 
The protein concentration was measured according to Peterson 
method [Peterson 1977], which is a modification of the original 
Lowry method [Lowry 1951]. 
The principle of the Peterson method is, to precipitate the proteins 
from interfering substances like PEG, sugar or Tris buffer which 
effect the absorbency and give a false value. This was performed 
by using 0.15% Sodium Deoxycholate (DOC) to solubilise the 
protein for 10 minutes and then 72% TCA was added to precipitate 
the protein after centrifugation at 3000 g I 15 min. 
The pellet was taken and dissolved in distilled water, while the 
supematant was rejected. The optical density of the developed 
colour was then measured at (750 nm). A standard curve was 
plotted by using BSA (Bovine Serum Albumin), where the 
concentration was varied from 0 to 500 J.tg /ml. 
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3.5 DETERMINATION OF PEG-4000 
The concentration of polyethylene glycol (PEG) was determined 
according to Skoog (1979) and Waiter (1985). The method is based 
upon the formation of complexes with barium and iodide ions 
(even·· in. the presence of protein, which was precipitated with 
perchloric acid). The method can be used to determine the PEG 
down to 0.005% (w/w). The absorbency (optical density) was 
measured at 535 nm and a standard curve of the optical density 
against the concentration of the PEG-4000 was plotted by starting 
from 0 to 100 11g I ml. 
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3.6 PHASE· DIAGRAM OF PEG-4000 -AMMONIUM 
SULPHATE 
3.6.1 STOCK SOLUTIONS 
1. PEG-4000 50% in distilled water at room temperature 
2. Ammonium sulphate 40% in distilled water at room 
temperature 
3. PEG-4000 50% in O.OOlM Tris buffer pH 7.6 4•c 
4. Ammonium sulphate 40% in O.OOlM Tris buffer pH 7.6 at 4•c 
3.6.2 PROCEDURE 
The following procedure was performed according to Albertsson 
(1985). 
A few grams of (NH4) 2S04 solution are put into a test tube. A 
solution of PEG-4000 was then added dropwise to the test tube. 
First, an homogeneous mixture is obtained, but after a certain 
amount of PEG-4000 solution is added, one further drop will cause 
turbidity and a two phase system will arise. The composition of this 
• 
mixture is noted, and one gram of water~is then added dropwise 
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* is added and the mixture becomes clear again. More PEG-4000 solution 
until turbidity (and a two-phase system) is again obtained. The 
composition of the mixture is noted and more water is added to get 
a one-phase system, and so on. In this way a series of 
compositions, close to binodial, are obtained and then the 
concentration of (NH4) 2S04 in w/w % is plotted against that of the 
PEG-4000 for these compositions to give a binodial curve which 
shows the PEG-4000 -(NH4) 2S04 system of Albertsson (1985) at 
room temperature and pH 5.6, while the curve of the experiment 
was measured at 4'C with pH 7.6 (as shown in Figure 4.4 in the 
next chapter). 
The above procedure was repeated three times for the sake of 
accuracy. The curve is shown later in the next chapter. 
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3.7 EXTRACTION METHODS 
3.7.1 Extraction With Distilled Water 
Step 1 Enzyme release from the tissue 
Frozen porcine pancreas (120 g) was cut into small pieces after the 
fat and connective tissue had been removed. The pieces were 
placed in a Waring blender with chilled distilled water (1 g tissue I 
2-3 volume of water), for 90 sec at high speed. 
The homogenate was stirred mechanically for about 15 minutes in 
ice bath. The connective tissue, that accumulated around the stirrer, 
was removed many times. 
Step 2 Centrifugation 
The homogenate was centrifuged (6000 g I 20 min) to remove the 
impurities (such as fat, cell debris and connective tissues). Three 
layers were obtained, 
A. The top layer, which was thin, contained fat and light cell 
debris. 
B. The middle layer (liquid), which contained the enzymes 
C. The bottom layer, which was thick, contained the connective 
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tissues and cell debris. 
The top and bottom layers were rejected, while the middle layer 
was taken by pipette without disturbing the other two layers. 
Step 3 Freeze Drying and Precipitating 
The middle layer was divided into two volumes: 
A. The first volume was freeze dried 
B. The second volume was precipitated by adding NaCl (solid) till 
saturation with stirring, in ice bath for 20 min. The solution was 
dialysed (Visking tube 10000-12000 MW) for about 3 hours I 3 
changes of distilled water at a temperature of 4° c, while the second 
experiment was carried out without dialysis. No precipitate was 
obtained by centrifugation at 15000 g/ 30 min at 2° c in both 
experiments (1 and 2). The solution was freeze dried and the 
resulting powders were weighted and labelled. 
Step 4 Assay of the Tryptic activity 
The tryptic activity of the resulting powders (from step 3) was 
assayed and the powders were then stored in a freezer(- 15° c). 
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3. 7.2 Extraction With Saline Solution 
The extraction in this method follows the same steps as in the 
previous method (section 3.7.1), except that the saline solution 
(0.15M) was used in this method instead of the distilled water in 
step 1. The experiment was carried out with and without dialysis. 
No precipitate was obtained when the dialysis was used. 
3.7.3 Extraction With Sucrose Solution 
The extraction in this method follows the same steps as in the 
extraction with distilled water (section 3.7.1), with only one 
exception, the precipitation which is used in step 3 is not required 
here. 
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3.7.4 Liquid-Liquid Extraction 
The polyethylene glycol 4000 -ammonium sulphate system was 
used as follows: 
1. Stock solutions of PEG 4000 and (NH4) 2S04 were prepared as 
follows 
40% w/w PEG in O.OOlM Tris buffer pH 7 .6. 
20% w/w (NH4) 2S04 Tris buffer pH 7.6. 
and both solutions were kept at 0-4° c. 
2. pancreas homogenate was made by taking 50 g of frozen 
pancreas (after the fats and connective tissues have been 
removed as far as possible) and was cut into small pieces and 
put in a Waring high speed blender together with equal weight 
of cold Tris buffer (O.OOlM) pH 7.6 for 90 sec. The 
homogenate was stirred then by a mechanical stirrer in ice 
bath for about 15 minutes. The stirrer was removed every 5 
minutes to remove the connective tissues. 
3. Two phase systems prepared by mixing 100 g of PEG 4000 
solution with 100 g of (NH4) 2S04 solution (pH 7.6) and 50 g of 
homogenate solution to give a final w/w percentages of 16%, 
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8% and 16% respectively as can be seen in Table 2. The 
suspension was stirred further in ice bath (15-30 minutes) to 
ensure the equilibrium (this step also removes some 
percentage of the connective tissues which are accumulated 
around the magnetic stirrer). 
4. The mixture was put in a graduated centrifuge tube to simplify 
the reading of the volumes of both the top and the bottom 
phases. The mixture was centrifuged (1600 g/ 10 minutes), the 
tubes were taken then and put in a fridge to ensure no change 
in the volumes. The top phase (PEG), rich in enzymes, was 
separated by a wide pipette from the bottom phase ((NH4),_504). 
5. Each phase solution was separately placed in a visking tubes 
(10000-12000 MW) in ice bath 4 hours I 4 changes of cold 
distilled water. 
6. The top and bottom phase solutions were freeze dried and kept 
as a powders in a freezer (-25°C). 
7. The powders were assayed to determine the tryptic activity and 
protein concentrations. 
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NOTE: 
Five experiments have been carried out by using the above 
procedure with different w/w percentages of the PEG and 
(NH4) 2S04 solutions together with different concentrations of the 
pancreas homogenates. 
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3. 7.5 Ultrafiltration 
Ultrafiltration was used to separate the PEG from the enzymes 
solution, obtained from the liquid-liquid extraction method 
(Section 3.7.4). 
The procedure of the liquid-liquid extraction was followed, where 
step number 5 (see the previous section) was replaced by 
ultrafiltration. The ultrafiltration Amicon CH2A system was used 
with three different membranes, Hollow Fibre (HIF) with cut off of 
of 
10000 Dalton, 30000 Dalton and spiral wound with cut off"30000 
Dalton. The schematic diagram of the system is shown in Fig. 3.1. 
Batch filtration and diafiltration were used. Deionized water and 50 
m mol Tris buffer (pH 7) were used as solvents. 
The experiment was performed under different conditions of 
temperature and starting volumes of the solution, the top phase, 
which contains the PEG and enzymes. The solution was placed in a 
reservoir and recycled with appropriately sized pump and the usual 
valves and pressure gauges to adjust and monitor the inlet and 
outlet pressures. A heat exchanger was used on the return line from 
the module to the retentate tank to control the temperature. In the 
diafiltration experiments, the solvent was added when the original 
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volume (the volume of the top phase which was obtained from the 
liquid-liquid extraction experiment and contains the enzymes and 
o...s .cko"""' 
PEG) was reached~n Table 4.6. In experiment number 8 (Table 4.7 
in the next chapter) the original volume was concentrated. The 
retentate and permeate were freeze dried and the assayed to 
determine the activity and protein concentration. These conditions, 
together with data related to the assay, are shown later in chapter 4 
(the next chapter). 
At the end of each experiment, the filter and tubes of the system 
were cleaned as follows: 
1. The system and cartridges were flushed with a deionized water 
for about 10 minutes. 
2. The system was recycled with detergent solution (Ultrasil 50, 
1% ). Two litres were used for about 1 hour. 
3. The system was rinsed with deionized water for about 30 
minutes and then dried. 
4. The filter was kept in 0.2% sodium azidtinside a fridge. 
5. The whole system was rinsed with deionized water for several 
times before the starting of each experiment. 
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4. RESULTS 
4.1 STANDARD CURVES 
Figure 4.1 shows the standard curve for digestion of casein by 
trypsin. 
Figure 4.2 shows the standard curve for determination of protein 
concentration by using Bovine Serium Albumin (BSA). 
Figure 4.3 shows the standard curve for determination of 
polyethylene glycol (PEG-4000). 
Figure 4.4 shows the phase diagram of the PEG-4000 -Ammonium 
sulphate system, at 4'C and at the room temperature. 
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4.2 RESULTS OF THE EXTRACTION METHODS 
4.2.1 EXTRACTION WITH DISTILLED WATER 
The results of extracting the pancreatin by using distilled water are 
summarized in Table 4.1. Two experiments were carried out 
(known as experiment 1 and 2 in Table 4.1), where filtrate A is the 
middle layer being freeze dried. Filtrate B is the middle layer 
after being precipitated by adding NaCl (solid) and then dialysed 
(no dialysis was used in experiment 2) and centrifuged. No 
precipitate was obtained here. These results (Table 4.1) are base on 
assay, where lOOmg pancreatin was dissolved rn lOOml phosphate 
buffer (pH 7.6). The protein concentration was determined from the 
standard curve in Fig. 4.2. The following equation represents the 
line in Fig. 4.2 
Protein Conc.(ug/ml) = 200 x (Absor.[750nm] - 0.087) 
The tryptic unit was obtained directly from the standard curve in 
Fig. 4.1. This curve was obtained by following Kunitz method. The 
optical density was read at 280 mu. 
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The specific activity was determined by dividing the tryptic unit of 
the enzyme by the protein concentration. The weight of the final 
product (pancreatin) was measured by following the experimental 
steps (as in the previous chapter). 
The protein concentration, tryptic unit and the specific activity of 
the starting mixture (homogenised pancreas) are also shown in 
Table 4.1. 
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Protein [T .U]cM X I o-> Specific activity 
concentration perml unit/mg 
mg/ml 
Homogenised 0.65 12 0.018 
Pancreas 
Exp. Enzyme Fresh Extract Protein * [T.UJc., Specific Pancreatin 
No. solution pancreas solution con cent. x!<r3 activity wt. g 
wt. g Vol. ml mg/ml perml unit/mg 
Filtrate 140 1.146 74 0.064 7.0 
1 A 120 
Filtrate 140 0.640 60 0.094 11.0 
B 
Filtrate 175 1.375 69 0.050 10.0 
2 A 120 
Filtrate 210 0.425 12 0.028 38.0 
B 
Filtrate A is the middle layer . . being freeze dried. 
Filtrate B is the middle layer after precipitating with N a Cl (see Section 3:?.1) 
* 100mg of pancreatin powder dissolved in lOOml of phosphate buffer pH 7.6. 
Table 4.1 Results and data for extraction with distilled water. 
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4.2.2 EXTRACTION WITH SALINE SOLUTION 
The results of extracting the pancreatin by usmg 0.15 saline 
solution are summarized in Table 4.2. Two experiments were 
carried out and these are known as experiments 1 and 2 in the table. 
In the second experiment (experiment 2) a dialysis was used to 
remove the NaCl. The dialysis was used here since, in the first 
experiment (experiment 1) a high weight of pancreatin was 
obtained. This is due to the existence of the NaCl in the final 
product (pancreatin). In experiment 2, no precipitate was obtained. 
The protein concentration, tryptic unit and the specific activity 
were determined as in the previous section (4.2.1). 
4.2.3 EXTRACTION WITH SUCROSE SOLUTIONS 
Sucrose solutions with different molarities were used to extract the 
pancreatin. The results are shown in Table 4.3. The protein 
concentration and tryptic unit of the homogenised pancreas are also 
given in the table. These values, actually, represent the average 
values of the stru;ting solutions for each molarity. 
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The protein concentration, tryptic unit and specific activity are 
determined as before. 
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Protein [T .U],., x !(}3 Specific activity 
concentration perml unit/mg 
mg/ml 
Homogenised 0.71 8 0.011 
Pancreas 
Exp. Enzyme Fresh Extract Protein * [T.U]cM Specific Pancreatin 
No. solution pancreas solution concent. xlO""' activity wt. g 
wt. g Vol. m! mg/ml perml unit/mg 
Filtrate 200 1.080 74 0.069 10 
A 
1 Filtrate 250 500 0.131 11 0.084 100 
B 
Precipitate 
from 
-
0.315 28 0.088 25 
filtrate B 
Filtrate 175 1.177 68 0.058 8 
A 
2 Filtrate 120 215 0.295 8 0.027 28 
B 
No precipitate was obtained 
Filtrate A is the middle layer after being freeze dried. 
Filtrate B is the middle layer after being precipitated and centrifuged 
* 100mg pancreatin powder was dissolved in lOOml phosphate buffer pH 7.6 
Table 4.2 Results and data for extraction with 0.15M saline solution. 
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Protein [T .U]c.. x I o-' Specific activity 
concentration perm! unit/rng 
rng/rnl 
Homogenised 0.5 11 0.022 
Pancreas 
Fresh Extract Protein * [T.U]c., Specific Pancreatin 
Exp. Sucrose pancreas solution concent. xw-• activity wt. g 
No. solution wt. g Vol. ml rng/ml perm! unit/rng 
1 0.0025M 120 375 0.810 96 0.118 25.2 
2 0.01M 120 385 1.344 200 0.149 25.3 
3 0.01M 250 765 1.050 155 0.148 37.5 
4 0.1M 93 305 0.512 48 0.094 20.1 
* 1 OOrng pancreatin dissolved in lOOm! of phosphate buffer pH 7. 6. 
Table 4.3 Results and data for extraction with sucrose solution. 
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4.2.4 RESULTS OF LIQUID-LIQUID EXTRACTION 
METHOD 
Table 4.4 shows the data for the liquid-liquid extraction method. 
Five experiments were carried out by using this method w'Jk 
VM'J rko..s., """''f'''lr~l\1". The latter are shown in Appendix A. 
Table 4.5 shows the results of the liquid-liquid extraction method. 
The protein concentration and the tryptic unit were determined 
from the standard curves, and the specific activity was determined 
as described before. 
Different phase compositions were used in the five experiments 
(Table 4.4). The phase composition represents the w/w percentage 
([ w /w %]) of both the PEG and the ammonium sulphate. The phase 
compositions result from the stock solutions used in each 
experiment as described in the note which follows Table 4.4 and 
are calculated in the final weight of the mixture. 
The volume of the phases was read directly from the graduated 
centrifuge tube. The solution of the two phases were then dialysised 
(separately) and freeze dried. The resulting powders were then 
weighed and assayed. 
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The resultant protein concentration, tryptic activity and specific 
activity for each phase (top or bottom) were determined as before. 
The percentage yield was determined as follows 
Yield(%) Total activity of the phase X 100 Total activity of the top and bottom phases ••. (4.1) 
The above equation is a simplified version of equations 2.10 and 
2.11 (chapter 2). The simplification is given in appendix B. 
The partition coefficient (K) is expressed in term of the ratio of the 
specific activity of the top phase to that of the bottom phase, or 
K Specific activity of the top phase 
Specific activity of the bottom phase ... (4.2) 
and the partition ratio (G) is given by: 
V G =K top 
V bottom 
... (4.3) 
as in equation 2.7, where K here is given by equation 4.2 and v,.p 
and V bottom are the volumes of the top and bottom phases. 
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Stock solution used Phase eo m posit. 
Experiment PEG (NH.),so. Pancreas PEG (NH4),so. 
Number 
wt. g wt. g wt. g w/w% w/w% 
1 27 35 15 7.0 
2 50 50 38 8.7 
3 50 90 50 10.5 
4 100 100 50 16.0 
5 90 60 50 18.0 
Table 4.4 Data for liquid-liquid extraction method 
Note 
1. Stock solution. 
PEG 4000 20% w/w in O.OOlM Tris buffer pH 7.6. 
(NH4) 2S04 11% w/w in O.OOlM Tris buffer pH 7.6. 
5.0 
7.2 
9.5 
8.0 
6.0 
pancreas 
pH 
w/w% 
8.7 7.6 
11.8 7.6 
13.2 8.1 
10.0 7.6 
17.5 7.6 
Pancreas homogenate was prepared by blending 40 g of fresh pancreas and 
50 g (O.OOlM) Tris buffer pH 7.6. 
2. Stock solution. 
PEG 4000 24% w/w in O.OOlM Tris buffer pH 7.6. 
(NH4)2S04 20% w/w in O.OOlM Tris buffer pH 7.6. 
Pancreas homogenate was prepared by blending 30 g of fresh pancreas and 
40 g (O.OOlM) Tris buffer pH 7.6. 
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3. Stock solution. 
PEG 4000 40% w/w in 0.001M Tris buffer pH 8.1. 
(NH4),f04 20% w/w in 0.001M Tris buffer pH 8.1 
Pancreas homogenate was prepared by blending 50 g of fresh pancreas and 
50 g (O.OOlM) Tris buffer pH 8.1. 
4. Stock solution. 
PEG·4000 40% w/w in O.OOlM Tris buffer pH 7.6. 
(NH4) 2S04 20% w/w in 0.001M Tris buffer pH 7 .6. 
Pancreas homogenate was prepared by blending 50 g of fresh pancreas and 
50 g (0.001M) Tris buffer pH 7.6. 
5. Stock solution. 
PEG 4000 40% w/w in O.OOlM Tris buffer pH 7.6. 
(NH4) 2S04 21% w/w in 0.001M Tris buffer pH 7.6. 
Pancreas homogenate was prepared by blending 70 g of fresh pancreas and 
30 g (0.001M) Tris buffer pH 7.6. 
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[T.Ulc.. Specific 
Exp. Phase Volume Pancreatin Protein xHI3 activity Yield K IG 
No. ml wt.g ug/ml perm! unit/mg % 
• 388.0 5.5 0.014 
- - - - - -
1 top 37 7.20 43.5 17.0 0.390 72 1.40 1.73 
bottom 30 2.10 81.0 22.5 0.278 27 
2 top 86 1.09 72.0 27.0 0.375 48 1.09 4.69 
bottom 20 2.88 32.0 11.0 0.344 51 
top 63 12.70 65.2 32.0 0.490 
- - -
3 inter. 40 6.90 94.5 60.0 0.635 
-
bottom 74 13.50 104.4 35.0 0.335 
-
4 top 170 30.30 37.6 38.0 1.010 86 4.74 14.65 
bottom 55 6.90 75.0 16.0 0.213 14 
5 top 125 19.50 48.0 45.0 0.937 78 3.67 8.34 
bottom 55 6.40 110.0 28.0 0.255 22 
* Homogenised Pancreas 
Every IOOmg of powder (top or bottom) was dissolved in lOOml buffer 
Table 4.5 Results of the liquid-liquid extraction method (section 3.7.4). 
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4.2.5 RESULTS OF ULTRAFILTRATION 
The data for the ultrafiltration experiments, which are used to 
separate the PEG from the enzyme solution, are summarized in 
Table 4.6. The flux rate was determined by measuring the volume 
of permeate"':.-o. certain time for the particular filter used in each 
experiment. The results of the experiments are shown in Table 4.7. 
The original volume of the top phase in Table 4.7 is taken from 
experiment number 4 in Table 4.5 (results of the liquid-liquid 
extraction method). Different volumes of the top phase were 
obtained here by using different weights of stock solution of 
experiment 4 in Table 4.5. In each experiment of Table 4.7, the 
original volume of the top phase was diluted by using different 
dilution factors (such as 2,3,4 and 5). 
The initial protein concentration represents the concentration of the 
protein in the retentate before freeze drying, while the final protein 
concentration represents the concentration of the protein in the 
retentate after freeze drying. The tryptic activity and the specific 
activity are determined as described before. The weight of the PEG 
represents the weight of the permeate after freeze drying. The 
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concentration of the PEG in the permeate (powder) was calculated 
according to the standard curve in Fig. 4.3 and is shown in Table 
4.8. 
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Exp. MW Cartridge Surface Flux rate Pressure 
No. cut off model area m1 Vm'/hr pis 
1 30000 H1P30-20 0.06 0.475 15 
2 30000 H1P30-20 0.06 0.475 15 
3 30000 H1P30-20 0.06 0.475 15 
4 30000 S1Y30-20 0.09 0.590 15 
5 30000 S1Y30-20 0.09 0.590 15 
6 30000 S1Y30·20 0.09 0.590 15 
7 30000 S1Y30-20 0.09 0.590 15 
8 30000 S1Y30-20 0.09 0.590 10 
0.210 15 
Exp. Temperature Solvent Time Dilution factor 
No. c min. 
1 12 Deionized water 25 5 batch 
2 12 Deionized water 30 5 batch 
3 2 Buffer 34 5 batch 
4 2 Buffer 190 5 batch 
5 2 Buffer 415 2 Diafiltration(4) 
6 2 Buffer 267 2 Diafiltration(5) 
7 2 Buffer 150 2 Diafiltration(S) 
8 2 Buffer 240 2 Diafiltration(S) 
2 Buffer ... Concentrated 
Table 4.6 Data for ultrafiltration experiments 
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Initial Final relent. 
Exp. Origin. Vol. after Final protein protein [T.U)!O-' Specif. Pancreatin 
No. top vol. dilution relent. cone. cone. activi. activi. wt. g 
ml ml vol. ml ug/ml ug/ml perm! unit/mg 
1 170 850 260 80 61 17 0.28 24.7 
2 170 850 248 83 54 15 0.27 19.1 
3 170 850 255 77 66 18.5 0.28 15.9 
4 670 1340 648 105 81 27 0.33 35.0 
5 830 1660 825 125 102 34 0.33 60.5 
6 490 980 460 95 55 10 0.18 39.5 
7 340 680 332 87 65 13 0.20 20.0 
8 340 680 200 92 80 11.5 0.14 17.5 
Note 
The permeate was collected during the experiment and it was freeze dried. The 
powder was then assayed to determine the tryptic activity and protein concentration. 
No sign of protein was found. 
Table 4.7 Results of the ultrafiltration experiments. 
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PEG 
Exp. Dilution Permeate Permeate cone. 
No. factor Vol. ml Wt.g ug/ml 
1 5 200 5.0 124 
2 5 200 4.8 134 
3 5 200 5.1 128 
4 2 200 6.8 140 
8 2(Diaf.2) 380 32.7 130 
8 2(Diaf.3) 365 24.0 145 
8 2(Diaf.4) 320 11.6 162 
8 5 100 8.2 187 
(with 
cone.) 
Table 4.8 PEG concentration in the permeate for the 
ultrafiltration experiments. 
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4.3 STABILITY OF THE ENZYMES 
The tryptic activity, protein concentration and the specific activity 
of the extracted pancreatin by using O.OlM sucrose solution and the 
liquid-liquid two phase systei:n methods were determined after 
being stored at -!5'C for eight and six months, respectively. These 
values are shown in Table 4.9. 
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Original values, from After 8 months 
Table 4.3 
Exp. No. [T.UJc.. x l<r' Protein Specif. [T .UJc.. x Hr3 Protein Specif. 
perml cone. Activ. perml cone. Activ. 
mg/ml unit/mg mg/ml unit/mg 
2 
200 1.344 0.149 189 1.29 0.146 
(Table4.3) 
3 
155 1.050 0.148 171 1.30 0.132 
(Table4.3) 
A. Enzyme stability of extraction by 0.0 lM sucrose solution 
Original values, from After 6 months 
Table 4.5 
Exp. No. [T .UJc~ X W' Protein Specif. [T.UJc~ x Hr' Protein Specif. 
perml cone. Activ. perml cone. Activ. 
mg/ml unit/mg mg/ml unit/mg 
4 
38 0.037 1.010 48 0.055 0.873 
(Table4.5) 
5 
45 0.048 0.937 52 0.061 0.852 
(Table 4.5) 
B. Enzyme stability of extraction by liquid-liquid two phase system method 
Table 4.9 Results of the enzyme stability after being stored at -15'C. 
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5. DISCUSSION 
5.1 EXTRACTION WITH DISTILLED WATER 
are 
The results of this method ,.. shown in Table 4.1. Two experiments 
were carried out. A ratio of 2 and 3 volumes of distilled water per 
one gram of fresh pancreas tissue were used in experiments 1 and 
2, respectively. A slightly higher volume of the extract solutions 
resulted due to the existence of water in the fresh pancreas. Both 
experiments were carried out at low temperature (4"C) to prevent 
any lose of the enzyme activity throughout the experiment. 
Filtrate A in both experiments was the middle layer after being 
freeze dried. Filtrate B in experiment 1 was dialysed after being 
precipitated. This gc;ve a relatively higher specific activity (0.094 
unit/mg) than that of filtrate A (0.064 unit/mg). The main reason 
for this is the removal of the NaCl and some of the impurities 
(such as protein with low molecular weight) which can be noticed 
by inspecting the corresponding values of the protein 
concentration. The latter was reduced from 1.146 to 0.064 mg/ml. 
Experiment 2 (Table 4.1) was carried out without dialysis. A 
relatively lower specific activity of filtrate B (0.028 unit/mg) was 
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obtained than that of filtrate A (0.05 unit/mg). The protein 
concentration of filtrate B (0.425 mg/ml) is also lower than that of 
filtrate A (1.375 mg/ml), while the weight of the resulting 
pancreatin in filtrate B (27g) is higher than that of filtrate A (lOg). 
This was due to the presence of the NaCl, which was removed by 
dialysis in experiment 1. 
The resulting specific activity of the final product (pancreatin) in 
experiments 1 and 2 is higher than that of the starting material 
(homogenised pancreas). On the other hand a comparison between 
the specific activity of the extracted pancreatin and that of the BDH 
pancreatin shows that the latter has a relatively higher specific 
activity than the former. The main reason for this is the fact that 
the water is a poor solvent when compared to alcohol. The BDH 
pancreatin has been extracted with 25% alcohol solution. 
Although precipitation was ciQne. in both experiments, no 
precipitate was obtained. It appears that the NaCl was very weak in 
salting out proteins. This is in agreement with Dixon (1961). 
A difficulty arose in assaying the homogenised pancreas due to its 
high viscosity and the presence of the connective tissues. So the 
homogenised pancreas was diluted many times before the assay. 
The presence of the connective tissues (impurities) effects the value 
of the tryptic activity of the homogenised pancreas. As can be seen 
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from Table 4.1, by centrifugation, the tryptic activity is increased 
from 12 to 74 and 69 units for filtrate A in experiments 1 and 
respectively. 
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5.2 EXTRACTION WITH SALINE SOLUTION 
The results of extracting with 0.15M saline solution are shown in 
Table 4.2. Two experiments were carried out using this method. 
A ratio of 2 volumes of 0.15M salipe solution per one gram of 
fresh pancreas was used in both experiments. In the two 
experiments (experiments 1 and 2in Table 4.2) filtrate B was 
precipitated by adding NaCl (solid). The dialysis was used in 
experiment 2. 
Approximately similar values of protein concentration of filtrate A 
were obtained in both experiments. Generally, the protein 
concentration of filtrate A is higher than that of filtrate B and the 
precipitate. This is due to the presence of NaCl (in experiment 1) 
and the use of dialysis (in experiment 2). The dialysis removes the 
protein with low molecular weight. In experiment 1, the weight of 
the resulting pancreatin is relatively higher due to the presence of 
NaCl, where the weight of the fresh pancreas used was 250g. 
Table 4.2 shows that the specific activity of the resulting pancreatin 
in both experiments is better than that of the homogenised 
pancreas. On the other hand it has a relatively lower specific 
activity than that of the BDH pancreatin. 
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5.3 EXTRACTION WITH SUCROSE SOLUTIONS 
Table 4.3 shows the results of extracting with sucrose solutions oP 
different molarity. A ratio of 3 volumes of sucrose solution per one 
gram of fresh pancreas was used. 
A higher specific activity and tryptic activity were obtained when 
O.OlM sucrose solution was used. It appears that at this molarity 
the protein is more soluble and the enzymes are more stable even 
after being freeze dried. As shown in Table 4.3 any change in the 
molarity (below or above O.OlM) of the sucrose solution does not 
give any improvement in terms of the specific activity, tryptic 
activity or protein concentration. As can be seen from Table 4.3, 
the weight of the resulting pancreatin in experiment 1 and 2 is the 
same (about 25g), while in experiment 3 a higher weight (37.5g) 
was obtained. This is due to the higher weight of the fresh 
pancreatin (250g), which was used in experiment 3. 
Table 4.3 shows that the resulting pancreatin (when different 
sucrose solution were used) is better than that of the homogenised 
pancreas in term of the protein concentration, tryptic activity and 
specific activity. The resulting pancreatin (from experiment 2 and 
3) is as good as that of the BDH pancreatin. This will be shown 
later in this chapter. 
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5.4 EXTRACTION BY LIQUID-LIQUID TWO PHASE 
SYSTEM 
In the liquid-liquid two-phase system PEG-4000 -(NH4) 2S04 was 
used. Ammonium sulphate has been used extensively in 
purification of enzymes because of its high solubility in water and 
stabilizing action in many enzymes. Special quality 
was used in the work to avoid toxic impurities, free acid and metals 
which inhibits the enzymes activity. Polyethylene glycol also 
used widely in fractionation of proteins (plasma) and in purification 
of many enzymes. This is due to the fact that it has little tendency 
to denature proteins even at room temperature. As a system, the 
PEG-4000 -ammonium sulphate is very suitable for enzyme 
purification because it has a relatively high percentage of water and 
it requires a short time (5-30 minutes) to separate. Furthermore, the 
PEG-4000 -ammonium sulphate is cheap and available in bulk. 
Different phase compositions at pH 5.9 were tried first to separate 
the enzymes in one phase and the impurities in the other. These are 
described in Appendix A. Although no partitioning of the m aie~:al 
was obtained (even after 24 hours in 4'c), two phases occurred. 
The top phase was the PEG (which contains all the homogenate) 
and the bottom phase was the ammonium sulphate. The latter was a 
clear watery solution with a negative result of tryptic activity. Since 
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the pH is one of the important factors which effects the distribution 
of the particles in the liquid-liquid two-phase systems (specially in 
the PEG-salt systems [Johnsson, 1970b; Albertsson, 1985 ; Waiter, 
1985], the pH was changed to 7.6. It appears that at this pH in the 
presence of the ammonium sulphate and the buffer (Tris) the 
partitioning of the particles can be achieved. Small ions act by a 
different mechanism in an aqueous phase system. One important 
effect arises from unequal partitioning of cations and anions 
constituting a salt or buffer in a phase system. This will generate a 
small electric potential across the interface. This is clear from Eqn. 
2.5 (in chapter 2) [Albertsson, 1985] 
For multivalent ions, the disassociation is pH dependent. This in 
turn effects the partitioning coefficient of proteins. Salting out and 
solubility limits are individual properties of proteins, therefore, a 
differential response is expected when a mixture of proteins is 
handled [Kula et al, 1982]. 
Different experiments were carried out by using pH 7.6 and these 
are shown in Table 4.4 in the previous chapter. In these 
experiments, different phase composition, volume ratio and 
concentration of the added homogenate were used. The PEG [w/w 
%] was varied in the experiments from 7 to 18. These values lie 
with in the range of the Binodial curve of the ammonium sulphate 
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-polyethylene glycol (4000) at 4'C which is shown in Fig. 4.4. Here, 
the cmve at room temperature and pH 5.6 was from Albertsson 
(1985) whilst the curve at 4'C and pH 7.6 was found by experiment 
(Section 3.6). The curve represents compositions of PEG and . · ·· 
( N ll * )b 5o.,_ •· , which can result in separate phases under 
the given conditions. Lowering the temperature and rising the pH 
i~n 
stable,phases at lower PEG and (NH4) 2S04 compositions. The [w/w 
%] of the added homogenate is effected by the phase compositions 
[Kula, 1979]. The values of the homogenate [w/w %] (shown in 
~ 
Table 4.4) are the maximum values which can give~iquid-liquid 
two phase system for those particular 1 · ' phase compositions 
(PEG [w/w %] and ammonium sulphate [w/w %]). Any value of 
homogenate [w/w %] beyond those shown in Table 4.4 led to a 
liquid-solid system instead of a liquid-liquid two phase system. 
This was obtained by trial and error. 
The impurities (cell debris) were separated in the bottom phase, 
with the enzymes in the top phase. This agrees with the theory of 
partitioning the molecules in the two phase systems defined by 
Bronstedt equation (equation 2.3 in chapter 2). This equation 
predicts that, for large entities (such as cell debris, cell particles) 
with very large apparent values of molecular weight a onesided 
partition should occur. This was achieved in experiments 1,2 and 5 
(Table 4.4 and 4.5). 
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The phase separation in the experiment was accelerated by using 
low speed centrifugation (1600 g I 10 minutes). 
In experiment 1 (Table 4.5), the two phase separation was obtained 
where the cell debris was moved to the bottom phase. As can be 
seen from the values of the tryptic activity (and in turn the values 
of the specific activity) there is a loss in the enzyme (trypsin) in the 
bottom phase. On the other hand there is a greater loss of the 
trypsin in the bottom phase in experiment 2 (Table 4.5). It appears 
that when the [w/w %] of the PEG and the ammonium sulphate are 
approximately equal (as in the case of experiment 2), the enzymes 
are equally distributed between the two phases. 
In experiment 3, the change of the pH from 7.6 to 8.1 give three 
layer (phase) system. The intermediate layer has the greatest tryptic 
activity (and in turn the greatest specific activity) over all the 
resulting layers (the top and bottom layers). A large percentage of 
the enzymes were precipitated in the middle layer, since this layer 
has a thick creamy appearance. 
Relatively good results was obtained in experiment 4 (Tables 4.4 
and 4.5). A [w/w %] of the PEG and ammonium sulphate of 16 and 
8 were used in this experiment. It appears that by using this phase 
composition, the solubility of the enzymes is relatively higher in 
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the top phase (PEG) than that of the bottom phase (ammonium 
sulphate). This is the main reason for choice of 18 and 6 for the 
[w/w %] of the PEG and ammonium sulphate, respectively in 
experiment 5 (Table 4.5) aiming for a better result than experiment 
4. As can be seen from the values of the specific activity (in Table 
4.5), experiment 5 does not show any improvement in terms of the 
specific activity of the top phase when compared to that of 
experiment 4. A possible reason for this is the behaviour of the 
PEG solution at high concentration which may precipitate some of 
the enzymes. The PEG has been used as precipitating agent at 
about 20% or more [Honig and Kula, 1976; Hasko and Vaszileva, 
1982]. 
As can be seen from Table 4.5, in all the experiments carried out by 
using the liquid-liquid two phase system method, the specific 
activity of the final product (pancreatin) is better than that of the 
starting material (the homogenised pancreas). Further more, the 
specific activity of the top phase of experiment 4 is twice that of 
the BDH pancreatin. The greatest yield (86%) is also achieved by 
experiment 4 (the top phase). 
It has been found that when the partition coefficient lies between 
0.1 and 10 a good separation of the proteins (enzymes) can be 
achieved [Kula et al, 1982]. The higher the partition coefficient the 
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better the separation. As can be seen from Table 4.5, the value of 
the partition coefficient (K) varifr: between 1.09 to 4.74. 
Another important factor which govern the. phase separation in 
single step is the partition ratio (G): This ratio is a function of the 
partition coefficient (K), as in Eqn. 4.3, the higher the partition 
ratio (G) the better the separation of the two phases by a single 
step. 
As can be seen from Table 4.5 the greatest value of K and G (4.74 
and 14.65 respectively) are obtained in experiment 4. This 
experiment gave the best results as described before. 
As can be seen from Table 4.5, the weight of the pancreatin is · 
relatively high when compared to that of the homogenised pancreas 
(the starting material). because the dialysis is not efficient in 
removing the PEG. This is due to the non-compact configuration of 
the linear PEG molecules, which give a relatively large exclusion 
radius, rendering it difficult to remove from globular proteins of the 
same or even larger molecular weight, even when a membrane of 
10000-12000 MW was used. Another reason, which has been 
mentioned by Ingham and Busby (1980), is that the PEG solution is 
"random coil of spherical domain" and passes through dialysis 
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membrane slowly. These are the main reasons which led to the 
usage of the ultrafiltration to remove the PEG from the enzyme 
solution. 
The use of lyophilization does not remove the PEG, since the latter 
is nonvolatile. On the other hand the presence of the PEG in the 
final product does not effect the activity of the enzymes, since it is 
a nondenaturing agent. But its presence mayeffect the use of the 
pancreatin in industry. 
Table 5.1 shows the protein concentration, tryptic activity and 
specific activity of the final product in the above extraction 
methods. The corresponding values for BDH pancreatin are also 
given in the table. 
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Protein [T.U]cu Specif. 
Method Experim. Product Cone. xlo-' Activ. 
p.g/ml perm! unit/mg 
25% 
--
BDH 0.760 380 0.500 
Alcohol 
Distilled No.l Filtrate 0.640 60 0.094 
Water Table 4.1 B 
O.lSM 
Saline No.l Precipit. 0.315 28 0.088 
Solution Table4.2 
O.OlM No.2 
--
1.344 200 0.149 
Sucrose Table 4.3 
Solution 
No.3 
--
1.050 155 0.148 
Table4.3 
Liquid- No.4 Top phase 0.0376 38 1.010 
Liquid Table4.5 
Two Phase 
system No.5 Top Phase 0.048 45 0.937 
Table4.5 
Table 5.1 The best results of the specific activity of all extraction 
methods. 
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5.5 ULTRAFILTRATION EXPERIMENT 
The failure of the dialysis in removing all the PEG from the final 
product of the liquid-liquid extraction method led to the use of 
ultrafiltration. Ultrafiltration is based on forced convection through 
porous membranes. The solvent can pass through these pores while 
solutes are more or less retained. The flux (transmembrane flow 
rate per unit area) across a membrane depends on a transmembrane 
pressure gradient as the driving force. 
The data of the ultrafiltration experiments are shown in Table 4.6, 
while the results are shown in Table 4.7. These experiments 
represent different trials to remove the PEG from the top phase of 
experiment 4 in the liquid-liquid extraction method (Tables 4.4 and 
4.5). 
Eight experiments were carried out, these represent different 
starting volumes (the volumes of the top phase of experiment 4 in 
the liquid-liquid extraction method) and different dilution factors 
were used in batch and diafiltration. A membrane (HlPl0-20) with 
cut off 10000 was used initially, but no permeate was obtained 
even after the dilution of the original volume (top phase) by a 
factor of 5 times and the pressure was increased from 15 to 20 PS"t 
with high flow rate. A membrane (H1P30-20) with a cut off 30000 
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was used then, as in experiment 1 (Table 4.6). A relatively low 
specific activity (0.28 unit/mg) was obtained in experiment 1 when 
compared to that of experiment 4 in the liquid-liquid experiment. 
As described before a dialysis was used in the latter method. 
Similar results were obtained when experiment 1 was repeated, as 
in experiment 2 in Table 4.6 and 4.7. 
Unfortunately the specific activity of the resultant pancreatin does 
not show any improvement in the remaining experiments (3 to 8) 
also, as shown in Table 4.6 and 4.7. This happened even when the 
solvent (deionized water in experiments 1 and 2) was changed to 
50 mM Tris buffer pH 7.6 in experiment 3 to 8 (Table 4.6). The 
temperature was reduced from 12'C (in experiments 1 and 2) to 2'C 
(in experiments 3 to 8) which give an increased flux rate despite 
the PEG solution having a high viscosity at a lower temperature. 
This might be due to the filter types used. The temperature was 
lowered because it was thought that the temperature (12'C) was the 
main reason behind the low values of the specific activity of the 
retentate (Table 4.7). A different membrane (SlY30-20) was used 
in experiments 4 to 8 (Table 4.6) aiming to improve the specific 
activity of the enzymes in the retentate. Unfortunately, this w:'il not 
obtained, even when diafiltration was used instead of the batch 
filtration. 
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Although the specific activity of the final product is lower than 
that obtained by dialysis in experiment 4 (in the liquid-liquid 
experiment, Table 4.5), the use of ultrafiltration reduces the PEG 
content of the final product. This is evident when the weight of the 
pancreatin is inspected in Table 4.7. Furthermore, the use of 
diafiltration is more efficient in removing the PEG than the batch. 
This becomes clear when the concentration of the PEG in the 
permeate is determined. Table 4.8 shows the concentration of the 
PEG in the permeate for experiments 1,2,3,4 and 8 (after different 
diafiltrations). The latter is an example, where diafiltration was 
used while in experiments 1 to 4 batch filtration was used. The 
PEG concentration in the permeates of experiment 8 was 
determined for different diafiltration additions of solvent (2,3 and 4 
times). It is clear from Table 4.8, that even when the dilution factor 
is less than five (for experiment 8) more PEG was removed when 
compared to those of experiments 1 to 4. In addition the 
concentration of PEG in the permeate increased with diafiltration 
as the number of additions of solvent increased. 
The results (shown in Table 4.7) shows that the ultrafiltration gave 
a relatively low specific activity than the use of dialysis in the 
liquid-liquid extraction method. This occurred because of two 
reasons; first, the accumulation of proteins (including the enzymes) 
or polymer (PEG) on the membrane and this can be seen from the 
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flux rate of experiment 8 (Table 4.6) which decreased to 0.21 llm'thr 
towards the end of the concentration. The second reason for the 
deactivation of enzymes may be due to shear stress (pumping, high 
pressure, recycling the retentate). In the dialysis these factors were 
absent which means that the enzyme was treated more gently than 
ultrafiltration experiments. 
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5.6 STABILITY OF THE ENZYMES 
The final products (pancreatin) of the two extraction methods, by 
O.OlM sucrose solution and liquid-liquid two phase system method 
were stored for a few months at -ts•c to fined their stability. The 
tryptic activity, protein concentration and the specific activity of 
the products are shown in Table 4.9 and a comparison with the 
original values of the activity (at the time of the experiment). 
As can be seen from Table 4.9 (A) the pancreatin produced by 
O.OlM sucrose solution had approximately similar values for the 
specific activity after storage. This confirms that the sucrose 
solutions give stability to the enzymes [Smith, Oakenfull and Back, 
1978]. In Table 4.9 (B) a relatively higher specific activity of 
pancreatin was lost during the storage time (6 months). 
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APPENDIX A 
The Primary Experiments For The Liquid-liquid 
Extraction Method 
In this section the initial experiments carried out by using the 
liquid-liquid two phase system were presented. A pH 5.9 was used 
in these experiments. The following Table shows the phase 
compositions used in the experiments; 
Phase Composition 
Exp. PEG-4000 (NH4) 2S04 Homogenised 
No. [w/w%] [w/w%] Pancreas 
[w/w%] 
1 12.0 10.0 10 
2 9.6 11.2 10 
3 14.4 8.8 10 
4 10.4 10.8 10 
5 17.6 7.2 10 
6 8.0 12.0 10 
7 16.0 8.0 10 
8 15.2 8.4 10 
9 6.4 12.8 10 
10 20.0 6.0 10 
Stock Solution: 
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PEG-4000 40% w/w (Solution in Distilled water at 0-4·c ). 
(NH4) 2S04 20% w/w (Solution in Distilled water at 0-4·c. 
Homogenised pancreas was prepared by blending 50 g of fresh 
pancreas tissue with 50 g distilled water. 
Total weight of the system in each experiment is 50g (about 49ml 
volume). About lOg of homogenised pancreas was added in each 
experiment, with specific activity of 0.033 unit/mg. 
Procedure: 
The above experiments were carried out in a separati.,funnel, each 
phase composition was mixed with 10% of cell homogenates and 
then shak~very well for about 5 minutes. The mixture was then left 
to settle at 4•c. Two phases were obtained after 6-10 hr. The top 
phase which is thick contains the PEG with all pancreas 
homogenates. The bottom phase contains the (NH4) 2S04 was 
watery,clear from any particles. The bottom phase was assayed for 
tryptic activity and protein concentration. The result of the test was 
negative in the tryptic activity, while there was protein. Even when 
each system was left for more than 24 hr, no partition of the 
particles (impurities, cell debris, connective tissues) from the 
enzymes solution was obtained. 
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APPENDIXB 
Simplification Of Yield Calculation 
The expression to determine the yield of the top phase in the two phase 
system is given by [Kula, Komer and Hustedt, 1982]: 
where: 
Vr is the volume of the top phase, VB is the volume of the bottom phase, 
and K (the partition coefficient) is given by the ratio of the specific 
activity of the top phase to that of the bottom phase. 
Now 
where Ar is the specific activity of the top phase and AB is the specific 
activity of the bottom phase 
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. lOO.VrAr 
Yzeldr= (VsAs+ VrAr) 
and so 
Yieldr Total activity in the top phase lOO% 
Total activity of the top and bottom phases x 0 
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